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Structural Characterization of pH Responsive Polymer Cushions for Solid
Supported Membranes
Simon Castorph, Erik B. Watkins, Caroline Y. Kim, Tonya L. Kuhl.
University of California, Davis, CA, USA.
Solid supported lipid bilayers are highly useful model systems for cell mem-
branes. However, the close proximity of the membrane and the solid support
may adversely impact protein structure and mobility. One approach to screen
the membrane from the underlying support and to better mimic the cellular
cytoskeleton and the extracellular matrix is to fabricate a water rich polymer
cushion between the solid support and the lipid bilayer (1). In this talk, I will
describe a robust and versatile, pH sensitive poly(acrylic acid) (PAA) polymer
cushion that has been developed to elevate and decouple biomimetic lipid bi-
layers from solid supports (2). Importantly, structural details of PAA cushions
obtained using synchrotron based high resolution x-ray reflectivity and neutron
reflectivity clearly demonstrate the structure of the cushioned membrane sys-
tem and its response to environmental pH changes. Complimentary fluores-
cence recovery after photobleaching (FRAP) measurements demonstrate high
membrane mobility and integrity of the membrane. The system is easily
tailored for a variety of applications and shows enormous potential for bio-
sensing, probing membrane environmental interactions and investigations of
integral membrane proteins embedded into lipid bilayers on top of PAA
cushions.
1. Sackmann, E. 1996. Supported membranes: scientific and practical applica-
tions. Science 271:43.
2. El-khouri, R. J., D. A. Bricarello, E. B. Watkins, C. Y. Kim, C. E. Miller,
T. E. Patten, A. N. Parikh, and T. L. Kuhl. 2011. pH Responsive Polymer
Cushions for Probing Membrane Environment Interactions. Nano Letters
11:2169-2172.
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on Bcl-2 Family Proteins
Amit Patel, Aisha Shamas-Din, Maikel Rheinstadter, Brian Leber,
David Andrews, Cecile Fradin.
McMaster University, Hamilton, ON, Canada.
Apoptosis is a self mediated form of cell death that plays a significant role in the
growth, development, and well being of multicellular organisms. If this process
fails, potentially harmful cells are able to multiply uncontrollably within the
organism forming harmful structures such as tumours. Although there are
many signals and processes involved that may trigger apoptosis, the Bcl-2 fam-
ily of proteins find themselves at a bottle neck of many of these pathways, as
well as at the point after which the cell is no longer able to abort committing
suicide. Bax is such a protein, and upon insertion and oligomerization within
the outer mitochondrial membrane of mitochondria, apoptotic factors (such
as cytochrome c) are released into the cytoplasm of the cell sealing its fate.
Lipid composition is known to affect the process of membrane permeabiliza-
tion by Bcl-2 family proteins, where different lipid compositions can block
the process at different steps. Here we have investigated whether these different
effects could be related to structural membrane properties. Solid supported lipid
bilayers and aligned bilayer stacks are a convenient model system to study
membranes structural properties. Not only do they allow for a rigid macro-
scopic sample size, they also offer a well defined geometry exploitable through
techniques such as atomic force microscopy as well as x-ray and neutron scat-
tering. Through Fourier analysis, we are able to utilize x-ray reflectivity data to
analyze the electron density profile perpendicular to the plane of the mem-
branes with sub-Angstrom resolution. We have characterized the structure of
a membrane with a lipid composition mimicking that of mitochondrial mem-
branes, and that of a series of membranes slightly differing from this original
composition, and known to block the Bcl-2 family proteins pore formation
process.
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Dongxu Lin3, Binhua Lin3, Mati Meron3, Jaroslaw Majewski4,
Ka Yee C. Lee1.
1Dept. of Chemistry, The University of Chicago, Chicago, IL, USA, 2Dept. of
Chemical and Nuclear Engineering, University of New Mexico,
Albuquerque, NM, USA, 3Center for Advanced Radiation Sources, The
University of Chicago, Chicago, IL, USA, 4Los Alamos National Laboratory,
Los Alamos, NM, USA.Lung surfactant (LS), a complex mixture of lipids and proteins that line the
alveoli, stabilizes the tissue structure and reduces the interfacial tension
to ease the work of breathing. During inhalation, LS spreads along the
surface as a locally flat monolayer, but on exhalation, LS is highly compressed
and collapses by moving out-of-plane to form folds into the alveolar
lining fluid. This study investigates how glycerol affects the lipid membrane
properties and mechanics for model LS monolayers using surface pressure-
area isotherms, fluorescence microscopy, X-ray scattering, and neutron reflec-
tivity [Biophys J, 2011, 101, 118]. The scattering experiments indicate that a
stable glycerol-enriched layer exists at the lipid headgroup/solvent interface
and enhances the ordering of the lipid tailgroups, especially at elevated
temperatures. The folding events on glycerol-containing subphases are orders
of magnitude greater than on pure water. The mechanical response of LS is
part of a general surface phenomenon that can be described by a wrinkle-to-
fold model for thin elastic membranes atop a soft substrate [Science, 2008,
320, 912] where the presence of the glycerol adlayer changes the membrane
bending stiffness.
3286-Pos Board B147
Adsorption Mechanism of Pulmonary Surfactant Lamellar Bodies at the
Air-Liquid Interface
Nina Hobi1, Monika Bachhuber1, Jesus Pe´rez-Gil2, Thomas Haller1.
1Medical Universitiy Innsbruck, Innsbruck, Austria, 2Universidad
Complutense, Madrid, Spain.
The surface active lipid/protein complexes of pulmonary surfactant are synthe-
sized by alveolar type II cells and stored in special organelles, the lamellar bod-
ies (LBs), in the form of tightly packed bilayers. Under normal physiological
conditions, surfactant is released by the LBs, and efficiently adsorbs at the sur-
face of the alveoli to lower surface tension. Secreted material from LBs main-
tains a particulate structure (=lamellar body like particles, LBPs) until reaching
the interface, where they exhibit a spontaneous disintegration to produce
a highly cooperative transfer of material into the surface film. Recent studies
proposed that surfactant protein SP-B and not SP-C is the most essential protein
for surfactant film dynamics and stabilization.
In the present study we have analyzed some of the factors defining LBP disin-
tegration and adsorption at the air-liquid interface, using a specially designed
multi-plate reader assay. Our results show that inactivation of SP-B leads to
a complete inhibition of LBP adsorption but had no effect on adsorption of
native surfactant purified from bronchoalveolar lavage. This suggests that
SP-B could be the crucial protein acting as the molecular trigger to ‘‘open’’
and therefore activate the compact LBP structure from the outermost mem-
branes, while other proteins, such as SP-C, still could aid to transfer phospho-
lipids into the interface once surfactant membranes are unpacked.
The aim of our research is to provide a deeper understanding of the pulmonary
surfactant behaviour and, in particular, to clarify the controversial partially
overlapping/redundant role of SP-C and SP-B in the unpacking and accumulat-
ing processes of the different forms of surfactant at the surface of the alveolar
hypophase.
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Fluorescence and Infrared Spectroscopy for the Study of Structure and
Lipid Packing/Hydration in Pulmonary Surfactant Membranes and
Lamellar Body -Like Particles
Alejandro Cerrada1, Elena Lo´pez-Rodrı´guez1, Thomas Haller2,
Jesu´s Pe´rez-Gil1.
1Complutense University of Madrid, Madrid, Spain, 2Medical University
of Innsbruck, Innsbruck, Austria.
Pulmonary surfactant is a lipid-protein complex that reduces surface tension at
the air-liquid interface in the alveoli preventing their collapse at end-expiration.
Lung surfactant is synthesized and stored in special organelles of alveolar type
II (AT II) cells called lamellar bodies (LBs). Upon exocytosis of LBs, surfac-
tant still maintains its packed structure that we call lamellar body-like particles
(LBPs), which disintegrate in an efficient and cooperative manner once they
reach the air-liquid interface to form the surface active film.
In the present study we compared the packing and hydration properties of native
lung surfactant membranes (NS) isolated from porcine bronchoalveolar lavage
and surfactant in LBPs secreted by primary cultures of rat AT II cells, taking
advantage of the spectral properties of the fluorescent probe LAURDAN.
The thermotropic profiles of LAURDAN are significantly different in NS
and LBPs, indicating the possible existence of additional levels of structural
complexity in LBPs that could impose restrictions to temperature-dependent
hydration as associated with potential phase transitions in membranes.
Infrared spectra provide valuable information about structural reorganizations,
at both the headgroup and the acyl chain regions of membranes, associated with
